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SYNOPSIS 
The tests reported herein were conducted to determine the 
fastener behavior in a tension type structural connection assembled 
with either ASTM A-325-53T High-Strength Bolts or A-14l Rivets. A 
study is made of such factors as the flexibility of the connected 
members, the size of the members, and the effectiveness of the 
fasteners in members assembled with more tbantwo lines of fasteners. 
Ie INTRODUCTION 
10 Object and Scope of Investigation 
The question of whether or not rivets and bolts should be 
permitted to carry loads in direct tension has plagued engineers for 
many yearso On occasionJ some engineers have vociferously objected to 
the use of such connections(l)*o Even today~ some of our design 
specifications prohibit the use of str~ctural connectors which are 
subjected to direct tensile loadso HoweverJ from time to time, 
laboratory studies have been conducted to demonstrate the complete 
ability of rivets and bolts to effectively carry loads in direct 
tension 0 
In a recent study at the University of Illinois by 
T. Fe Leahey and We Ho MUnse(2)~ a number of tests were conducted to 
determine the behavior of rivets and high-strength bolts in direct 
tension in a structural Tee-connection such as may sometimes be found 
in heavy wind bracing connections, crane hangars, etco Leahey studied 
the behavior of this type of connection (see Figo 1) when assembled 
with two lines of fasteners~ i~ee, one line on each Side of the web 
of the Teeo His study also included such variables as the initial 
tension in the boltsJ the magnitude of the applied loadJ the spacing 
of the bolts~ and the use of inclined bearing surfaces under the 
heads of the boltso 
* Numbers in parentheses indicate the reference number in the 
bibliography 0 
- 1 -
2 
Although the tests conducted by Leahey answered a number of 
questions concerning the behavior o~ high-strength bolts loaded in 
tension, many other problems still required study. Some of these 
problems have been studied in the tests reported herein and include 
such factors as the effects of the flexibility of the members, the 
size of the members, and the effectiveness of the fasteners in members 
fabricated from wide-flange sections and assembled with more than two 
lines of fasteners. 
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IIo DESCRIPTION OF SPECIMENS AND TESTS 
,. Description of Specimens and Tests 
The details of Leahey1s specimens are shown in Fig. 1 and 
the details of the specimens for the present series of tests are 
shown in Figo 20 All of LeaheyVs specimens were cut from a 24 I 100, 
whereas the specimens for this series were cut from wide flange shapes. 
The test specimens for this study are similar to those used 
by Leahey. However, as a result of the behavior observed in a recent 
laboratory test in which a fill plate had been added between the 
flanges; consideration was given to the need for some minor modifica-
tions in the type of test specimen to be used in the present study. 
In the previous tests, a prying action at the toes of the 
flanges reduced the capacity of the connection to a value somewhat 
below the total tensile strength of the fastenerso However, in order 
to realize this prying action~ the flanges of the connected members 
must deform and the bolts must elongateo In some applications, an 
additional thickness of material between the connected members may 
affect this deformation or change the overall elongation of the bolts 
and thus might affect the general behavior of the connection; in some 
instances the prying action might increase and in others it might 
decrease, depending upon the properties of the various parts connected 0 
In order to study the possible effect of an additional 
thickness of material on the behavior of bolts in tension; a pilot 
test was conducted on a surplus specimen from Leahey's study 0 This 
specimen was assembled with a 2-ino plate between the flanges of the 
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Tee-section fittingso In all other respects, this specimen was 
identical to specimen 8-2 tested by Leaheyo In the pilot test 
(designated as specimen S-2P), the center fill plate seemed to reduce 
significantly the prying action in the connection and thus increased 
the ultimate strength of the specimen 0 The results of this test, 
along with the results of Leaheye s tests, are summarized in Table 10 
In the test of specimen S-2P, it was noticed that the 
separation of the flanges was less than that obtained in the previous 
testso In addition, the ultimate load increased from 154,200 lb with-
out the fill plate to 176,900 Ib with the fill plateo Thus, the ulti-
mate strength of the bolts of specimen 8-2P was approximately 95 per 
cent of the ultimate strength of the high-strength bolts loaded in 
direct tension in calibration tests while the ultimate strength of 
the bolts in specimen 8-2 was only 83 per cent of the direct tension 
strength~ Because of these results and the fact that the failure in 
the test of 8-2P resulted from a stripping of the threads of a bolt 
rather than a tension failure, a part of the test specimens of the 
present study were designed with a fill plate inserted between the 
flanges of the connected fittingso This arrangement of specimen, it 
was felt, might also provide a more realistic test assembly for many 
applications 0 
Although the specimens for the present study are similar 
to those used in the previous tests J it was necessary to select 
several different wide-flange sections to obtain a variation in the 
flexibility of the flangeso Furthermore, the selection of the 
section was limited somewhat by the requirement that the flange and 
web be strong enough to insure that failure occur in the bolts. 
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Four major variables have been included in the present 
tests. These include the number of fasteners, the flange width and 
edge distance, the flange thickness, and the type of connector. A 
summary of the number of tests and a listing of the test sections are 
given in Table 2. 
In the present study, the behavior of specimens having 
only four fasteners is compared with1that of specimens having eight 
fasteners 0 This is accomplished with the results of the tests of the 
type A and B specimens. The edge distance was the same for both 
types; however, the type A bad two lines of fasteners and was only 
9 in. Wide, while the type B specimen had four lines of fasteners and 
was 14 in. wide. 
The effect of the flange thickness, or the stiffness of the 
members, was studied with the specimens of groups B, C, and E of 
Table 2. 
of 14 in. 
0.900 in. 
These members were prepared with a constant flange width 
However, the thickness of these flanges varied from 
to 1.680 in. Thus, by using the same gage in each of these 
specimens, only the stiffness of the flange of the members varied from 
one specimen to the next. 
Specimen types B, C, and E were tested with either rivets 
or bolts as the fastenerso In addition, two type B s~ecimens were 
included in which the inner bolts had a prestress of 0.1 elastic 
proof load while the outer bolts had a minimum tension of 0.9 the 
elastic proof load. This variation in bolt tension was included to 
determine whether the magnitude of the tension in the inner bolts 
would affect the amount of load transmitted to the bolts in the two 
outer rows. In all· other instances, the bolts were installed in 
accordance with the recommendations of the Research Council on 
Riveted and Bolted Structural Joints. 
The type D and F specimens bave been included in the 
investigation to obtain a study of the effect of flange width or 
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edge distance on the bebavior of the connections. This was considered 
desirable since the behavior of the connections might be a function 
of the flange width as well as the flange thickness. A study of 
this effect was obtained by a comparison of the results of the tests 
of the C and D specimens, and the E and F specimens. In each of 
these cases, two flange widths are available for a given flange 
thickness. 
As noted in Table 2, a total of 26 specimens was tested. 
This provided one specimen with a fill plate, and one without, for the 
six types of specimens included in the study. All of the specimens 
were fabricated in the University l s shop, with the exception of the 
riveting. This was done by a local fabricator using typical large 
fabricating shop procedures and band-pneumatic driving. 
As the parts of the bolted specimens were prepared, the 
bolts for the assembly were calibrated in a calibrator which had 
been developed in the Structural Laboratory at the University of 
Illinois. With this calibrator and a suitable torque wrench, a 
given load can be placed on the bolt, and the torque required to 
obtain this load may be measured. 
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In the bolt calibration, the bolt elongations were measur-
ed with the bolt gage shown in Figo 3bo However, for some of the 
bolts, SR-4 strain gages were mounted on the shank and strain read-
ings were taken during the calibration 0 During the assembly of the 
speCimen, the desired prestress was placed in the bolts by band 
tor~uing until the required strain or elongation was attained. 
The first specimen to be tested bad strain gages on all 
eight bolts. In view of the uniformity observed in that test, it was 
decided to use strain gages on only two bolts of each specimen, one 
an inner bolt and the other an outer bolto Therefore, all of the 
other bolted specimens had strain gages mounted only on the bolts 
designated as IS and 28 in Figo 20 
Three type A-5, SR-4 strain gages were mounted 1200 
apart on each bolt with gageso Four small holes were drilled in the 
head of the bolts in order to bring the lead wires of the gages out 
of the assembly (see Fig. 3b)o This method of wiring was adopted 
after it had been found that the holes did not affect the ultimate 
strength of the boltso Bending in the bolt, both in the calibrator 
(due to non-parallel head and nut surfaces) and in the specimen, 
produced different strains on the three gage positions. Conse-
quently, the three gages were read independently, although the 
strains were averaged to obtain the average bolt strain. For the 
bolts with strain gages, it was necessary to drill 15/16 in. holes 
in the specimen; all other bolt holes were drilled 13/16 ino 
During the tests a number'of readings were taken 0 In 
addition to the strain gage readings on the bolts, elongation read-
ings were taken on all bolts,and flange separation readings were 
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taken in one quadrant of the specimen 0 Small gage point holes were 
drilled in both ends of the bolts and in the flanges to receive the 
points of the extensometers that were used to measure the bolt· 
elongations and flange separationso The instruments used for these 
measurements can be seen in Figo 3bo The grid of points for the flange 
separation measurements can be seen in Fig 0 20 The points on lines 
parallel to the web were 3/8 ino center to center and those perpendicular 
to th~ web were 5/8 ino center to centero The xivet elongation and 
flange separation of all riveted specimens were measured in a similar 
manner 0 
The fasteners of each specimen were marked according to 
the orientation of the specimen in the testing machineo Thus, the 
fasteners will be referred to as IN, lS, etco, as indicated in 
Figo 2. 
The bolts for the tests were provided by two manufacturers. 
All of the N (north) bolts were from one· manufacturer, and all of 
the 8 (south) ·bolts were from the othero N~ts and plain flat 
hardened washers were also provided by both rnanufacturerso (Beveled 
washers are not required for wide flange shapes)o 
All specimens were rna. tch drilled 0 The riveted specimens 
were aligned with two full size drift pins in' the 2N ~nd 38 holes and 
then two high-strength bolts were tightened in holes IN and 48 for 
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shipment to the fabricator. At the fabricating ShOP3 the bolts were 
tightened again to draw the material together. The inside rows of 
rivets were driven first, then the bolts were removed and the 
outer rivets were driven. 
When specimen BR* was assembled, it was noted that the 
holes did not match perfectly~ a maximum misalignment of 3/64 in. 
occurred in an outer hole. All of the other specimens were well 
aligned 0 
The bolted specimens were also aligned with two full 
size drift pins in holes 2N and 3S, and bolts were tightened in IN 
and 480 The pins were then removed and the remaining bolts were 
placed in their holes. After taking zero readings all of the bolts 
were tightened about a quarter turn. IN and 4s were loosened, zero 
readings were taken and a quarter turn was applied. Thereafter, all 
of the bolts were brought up to the desired prestress in the following 
order: 2S, 3N, 3S, 2N, IS, 4N, 48, lNo When all eight bolts had 
been tightened to the desired prestress, elongation &nd strain readings 
were takeno Some of the first bolts tightened w~re found to be 
below the desired prestress and therefore had to be retightened; 
however, adjustments were made until all of the bolts had a minimum 
prestress of 009 the elastic proof load (except for specimens BBV and 
BBVP where 0.1 was used for the inside fasteners). 
* Specimens are marked with the following code: The first letter 
designates the size of the Tee section (see Table 2), the second 
indicates whether the specimen was bolted (B) or riveted (R), and 
if a P is included in the markJ the specimen was tested with a 
2 inc fill plate between the flanges. 
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The specimens were tested at a crosshead running speed of 
0.05 in./mino The load was applied in increments of 10~OOO lb or 
20~000 Ib and readings of elongation and deformation were taken after 
each incremento Each specimen was loaded until the maximum load was 
reached and the first fastener failure occurred in one or more inside 
fasteners. The loading was then continued until all of the inside 
fasteners failed, or until one of the outside fasteners failed 0 As 
soon as an outside fastener failed the test was discontinued 0 
40 Mechanical Properties of Materials 
The Tee sections were cut from wide flange shapes of 
ASTM A-7 structural steel. The fasteners consisted of bolts meeting 
ASTM designation A-325 or rivets meeting ASTM designation A-141. 
Tests of full-size bolts and of standard Oo505-ino round 
coupons cut from both the bolt and rivet stock were conducted in a 
120,000 Ib hydraulic testing machine to obtain information on the 
properties of the fastener materialso The coupons were tested at a 
crosshead speed of 0005 ino/mino 
Two full-size bolts of each length and manufacture were 
testedo Initially each of these bolts was loaded to the specified 
elastic proof load* of 28,400 Ib, the load then released and the 
permanent set measuredo Table 3 shows the results of these tests. 
* The elastic proof load (EPL) is that load to which a bolt may be 
loaded without developing a permanent set of more than Oo0005-inc 
in the overall length of the bolto 
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After measuring the permanent set in the bolts J one of the 
bolts was tested to failure with a 100 wedge under its head and the 
other was tested to failure without the wedgeo In order for a 3/4-ino 
round high-strength bolt to meet the requirements of ASTM designation 
A-325, it must withstand an ultimate load of 40J 100 lb with a wedge 
under the head 0 This same load is the proof load for the nutso 
The results shown in Table 3 indicate that all of the bolts 
and nuts used in this series of tests passed the minimum requirements 
for ASTM A-325 boltso It is interesting to note also that four of 
the twelve bolts from manufacturer uSn failed by stripping the nut 
threads 0 All of the other bolts tested failed by rupturing through 
the bolt threadso Some of the bolts in the Tee-section test specimens 
also failed by stripping the nut threadso It is believed that the 
stripping failures may have resulted~ in partj because of the rela-
tively high strength of the bolts supplied by manufacturer "Sft 0 The 
high yield strength of the bolts would tend to produce a concentrated 
transfer of load in the tr~eads of the softer nutso 
Autographic stress-strain records were taken on standard 
O~505-ino coupons for all of the various types and sizes of fastenerso 
In every case, two coupons were ~Jn and the average values for the 
two are shown in Tables 4 and 50 Although all of the hot-formed rivet 
material J some of the cold-formed rivet materialJ and some of the 
high-strength bolt material exhibited a marked yielding in the stress-
strain curves j the yield strength, in all cases~ was determined by 
the 002 per cent offset methodo 
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Every bolt used in the test specimens was calibrated in the 
bolt calibrator mentioned previously by torquing up to the elastic 
proof load three timeso On the third run, the prestress load which was 
to be set into each bolt of the specimen was placed on the bolt and an 
elongation reading (and strain gage readings when gages were used) was 
taken 0 This reading was then used to control the tension when the 
bolt was torqued in the test specimen 0 Thus, each bolt was given an 
individual calibration 0 
The calibrations of the bolts showed that the shorter bolts 
required somewhat less total elongation to attain O~9 EPL than did 
the longer boltso There was also some variation between individual 
bolts of the same length and manufacture~ and between one manufacturer 
and the other; however, the variations were not very greato 
The torque required to load the bolts to 009 EPL was found 
to be reasonably constant for all lengths, and equal to approximately 
320 lb ft*o This was obtained at one-half to three-fourths of a turn 
of the nuto 
* The approximate equivalent torque for required minimum bolt tension 
recommended by the Research Council on Riveted and Bolted Structural 
Joints 0 
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IIIo RESULTS A.'tiID ANALYSIS OF TESTS 
5.. Presentation of Results 
At various stages of the loading of the specimens, the 
fastener elongation, the bolt strain, and the flange separation were 
measured 0 With this data, it was then possible to obtain an indica-
tion of the load distribution to the fasteners and the deformation 
of the flangeso 
The total bolt elongation has been averaged for the four 
inside bolts, or the four outside bolts of each specimenj and in 
Figso 4 and 5 is plotted against the total load applied to the speci-
meno It is of interest to compare the character of these curves with 
the bolt strain curves which are plotted in Figso 6 and 7ti The bolt 
strain was obtained from one inside and one outside bolt of each 
specimen 0 The values plotted are the average from the three SR-4 
strain gages mounted on each bolt, with one exceptiono During the 
testing of specimen CB one gage on bolt 2S shorted out at a specimen 
load of 40,000 Ibo Thus, the values plotted for specimen CB show 
the average of only two gages from 40,000 lb to failure. 
The correlation between the elongation curves, which are 
averaged for fo-ur bolts, and the strain curies which are for only one 
bolt, appears to be quite good 0 This would indicate that the speci-
mens were symmetrically loaded and that the condition at any given 
inside {or outSide} fastener would be the same as the condition at 
any other inside (or outSide) fastener of that specimen for a given 
15 
load. This is not strictly correctJ as will be seen later, but it is 
a reasonable approximation. 
The elongation curves for the inside fasteners indicate 
that,at some load which is a function of the specimen composition, 
the inside fastener elongation (or bolt strain) begins to increase 
over that which was imposed by the prestress (prestress strain or 
elongation is not shown in the figures). In a similar manner, the 
curves for the outside fasteners indicate that in the early stages 
of loading the outside fasteners lost some of their prestress elonga-
tion (or strain) and, hence, the prestress load in the outside fasten-
ers decreased. The strain corresponding to 009 EPL for the 3/4-in. 
high-strength boltb was approximately 00002 inD/in., and may be 
compared with the decrease in strain shown in Figo 7 to obtain a 
measure or indication of the loss in bolt tension produced by this 
behavior 0 
Specimen DBP had strain gages on all eight bolts. The 
readings from these eight bolts are plotted in Figo 8 to show the 
variation in the individual fasteners. The average rivet elongation 
is also plotted, in Figs. 9 and 10, against the total load applied to 
the specimen. 
The fact that the outside fasteners lose their prestress 
in the early stages of loading does not necessarily indicate that 
only the inner fasteners are carrying the loado The total clamping 
power of all eight fasteners is still effective, but the deformation 
of the flanges produces a decrease in the initial prestress strain on 
16 
the outer fasteners and, hence, reduces their prestress load and their 
contribution to the total clamping power 0 The flange deformation 
which produces this action can be seen in Figs 0 11 through l6, wherein 
the separation (ioeo, twice the deformation) of the flanges is shown 
for Row Eo The location of Row E is shown in FigG 20 It can be seen 
that the flanges pivoted about some point within the flange, and that 
the outer portion of the flanges were compressed during the early 
stages of loadingo Deformation of this type affects the load distri-
bution between the inner and outer fasteners and also creates a prying 
action on the fastenerso This prying action, when it exists, may 
produce an additional load in the fasteners such that the total load 
on the fasteners actually exceeds the total load being applied to the 
specimen 0 When the fl~~ges separate completely, this prying action 
ceases 0 The flange separation curves of Figs 0 II through l6 show a 
separation at the outermost point in some caseso However, this does 
not mean that the prying action stoppedo The corners of the speci-
mens (Row E) would sometimes raise before the flanges a t Row A 
(see Figo 2) would separateo The only specimens which opened up at 
all points were· the riveted members A.'R, ARP, CRP, ER, ERP, FR, and 
FRPo The deformation of a number of typical. specimens, at different 
stages of loading, can be seen in Figso 17 and 18. 
All of the specimens failed in the fastenerso Bolted 
specimens failed either by stripping the nut threads or rupturing 
the bolt in the threaded portiono Riveted specimens failed either 
in the shank or by drawing the shank out of the rivet head 0 
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Typical fastener failures can be seen in Figso 19 and 20. Notice 
the nut threads on the bolts in Fig~ 19b, and how poorly centered the 
rivet heads were which failed (Fig. 20b)o When a nut stripped, or 
rivet head failed, the ultimate load which the specimen might have 
attained was probably reducedo The ultimate loads, type and location 
of failure, are noted in Tables 6 and 70 
One of the first things a designer wants to know about this 
type of specimen is the efficiency of the fasteners, i~eoj can the 
full strength of the fasteners be developed or, if it cannot, what 
percentage of the full strength can be developed 0 In order to obtain 
an estimate of the efficiency~ the average ultimate strength of the 
wedged full-size bolts (Table 3) might be used as the maximum possible 
load per bolt in the memberso This strength would indicate that, with 
a specimen whose flanges are infinitely stiff, it may be possible to 
have an ultimate load of 183,500 Ib for a four bolt specimen; and 
367,000 Ib for an eight bolt specimen 0 
The flexibility of the specimens tested in this study 
reduced the possible load through prying action and a difference in 
deformation at the inner and outer lines of fastenerso The estimated 
efficiency of each specimen was computed as a percentage of the maxi-
mum possible load and is shown in Table 60 A comparison of the ultimate 
load on the specimens, with and without a fill plate, is also shown in 
Table 60 
Since the bolt coupons gave relatively uniform results, it 
is reasonable to compare all of the specimens to one value of expected 
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load per bolto HoweverJ since the rivets were from various sorts of 
material and the rivet coupons showed considerable scatter j the 
riveted specimens cannot be analyzed in the same mannero The rivet 
properties shown in Table 5 were obtained from undriven rivet stocko 
Previous investigations (3, 4) have shown that an increase in ulti-
mate strength of 15 to 30 per cent can be expected as a result of the 
driving. Therefore, in order to compute the estimated efficiency of 
the riveted specimens~ it was assumed that driving caused an increase 
of 15 per cent in the ultimate strength of the rivetsj and that the 
rivets filled the holeso The load per rivet for each type of rivet 
(cold formed~ hot formed, etco)J and the maximum possible load for the 
specimen in which that type of rivet was usedJ was then computedo 
The actual ultimate strength of the specimen was then compared with 
this estimated maximum load to determine the efficiencies shown in 
Table 70 
Identical bolted and riveted specimens were tested in the 
investigation 0 In Table 7, the ultimate load of the riveted specimens 
is compared to the ultimate load of the corresponding bolted specimenso 
The variations in mode of failure and efficiency are discussed more 
fully in connection with the several test variables in the sections 
which followo 
60 Four Fastener Specimens 
The type A specimens were fabricated with fo'ur fasteners but 
were cut from the same rolled shape as the type B specimens which 
contained eight fastenerso 
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On the basis of the strain gage data, it can be seen that 
the fasteners of specimen AB began to receive additional stress at a 
specimen load of about 15,000 lbc However, the elongation readings, 
which are less sensitive than the strain readings, do not show much 
change until 80,000 Ib total loado The flanges were flexible and 
deformed readily but the edges or toes of the flanges stayed in 
contact and caused a prying action throughout the entire testo The 
nut of bolt 28 failed by stripping at 134~ooo lb or an efficiency of 
about 73.0 per cento The companion specimen with a plate~ specimen ABP, 
behaved quite a bit like specimen AB; however, the fasteners did not 
strain quite as rapidly in specimen ABP (see Figo 6)0 In specimen ABP, 
the nut of bolt 38 failed at a load of 136J 800 lb, a 2.1 per cent 
increase over the ultimate load of specimen ABo Again, as for specimen 
AB, the ultimate load-carrying capacity might have been higher if the 
nut had not strippedo 
Specimen AR was identical to specimen AB except that rivets 
were used instead of boltso The rivets did not exhibit any increase 
in elongation under load until 60,000 Ib had been applied to the 
specimen 0 Before the specimen railed~ the flanges separated completely, 
thereby removing any prying action that existed earlier in the teste 
The ultimate load of 141,300 lb gives an efficiency of 10101 per cent 
and indicates that the assumed l5 per cent increase in ultimate 
strength attributed to driving may be slightly low for this particular 
specimen 0 It seems reasonable to assume that the full strength of 
the fasteners was developed since the flanges separated, and the 
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elongations of the four rivets were relatively consistent indicating a 
uniform distribution of the load to the four rivetso 
The full strength of specimen ARP was not developed, even 
though the flanges did separate completely before fai~ure (see Figo 18a) 0 
The individual rivet elongation readings showed that rivet 38 deformed 
at a faster rate than the other rivets and 3 conse~uentlyj failed before 
the full strength of all four rivets could be developed 0 If the speci-
men had been symmetrically loaded, it would have bad an efficiency 
greater than 7701 per cento 
The bolts did not elongate as much as the rivets and 
prevented the flanges of AB and ABP from separatingo The greater 
ductility of the rivets permitted the flanges to separate and specimen 
AR actually developed a higher ultima.te load than specimen ABo If 
specimen ARP bad been symmetrically loaded j it might have developed a 
greater load-carrying capacity than specimen ABPo' However J the fact 
that the nut failures may have reduced somewhat the ultimate load of 
the bolted specimens should be kept in mind. The strengths of the 
rivet coupons for specimen AR indicate a possible ultimate strength of 
67,400 psi:;:{1l5 per cent of 58,,600 psi); the bolt coupons for specimen 
AB provided an ultimate strength of 125 J OOO psi (average for the bolts 
used). The fact that the riveted specimen AR carried a higher ultimate 
load than the bolted specimen AB can be explained readily if one 
recalls that the rivets have an actual stress area of 00518 S~o ino 
and developed their full strength without any prying action~ while 
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the bolts have a stress area of only 00334 sq~ ino and developed only 
73 per cent of their full strength because they were subjected to a 
prying actiono 
7& Basic Specimen with Eight Fasteners 
The basic specimen for the entire series of tests is the 
type B specimen; all other specimens are directly or indirectly 
compared with it. 
The inner bolts of specimen BB began to pick up an 
increase in strain at a load of lO,OOO Ib and continued to do so until 
failure occurredo The outer bolts lost some of their prestress strain 
as the load was increased from 10,000 lb to 160$000 Ibs and then the 
strain began to increase~ It is interesting to note in Figo 12* that 
point 7 (the outer bolt line) of RowE exhibited a positive flange 
separation at 160,000 Ibo The flange separation at the web of speci-
men BB was large; but the edges of the flanges remained in contact 
throughout the test~ Failure occurred in a nut at a load comparable 
to 4708 per cent of the total strength of the eight fastenerso 
Specimen BBP, a similar member~ behaved in a manner very similar to 
specimen BB; failure occurred at a load which was 304 per cent greater 
than that of specimen BB. 
The elongation of the inner rivets of specimen BR did not 
change until approximately 80)000 lb bad been applied and the outer 
* Dotted lines are drawn at points 3 and 7 of the flange separation 
curves to indicate the position of fastener holeso 
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fasteners did. not show any significant change until the load on the 
specimen reached l20J OOO lbo As the load was increased to failure, 
the corners of the flanges separated but the center of the toes of the 
flanges stayed in contacto Failure occurred on one of the rivets as 
the shank was pulled out of the rivet heado This rivet head had been 
driven off center and can be seen on top of the flange in Figo l8bo 
The ultimate load-carrying capacity of the member may have been 
reduced by this failure of the rivet heado 
Specimen BRP exhibited deformation characteristics similar 
to those of BRo However, near failure, the flanges and outer fasten-
ers of sp~cimen BRP deformed somewhat more than those of specimen BR. 
Although the initial failure of specimen BRP occurred in the shank of 
rivet 2S, the efficiencies of specimens BR and BRP were practically 
identical. 
The ultimate loads were different for the bolted and 
riveted specimens; however, the efficiencies were all about the same. 
This was not the case for the four fastener specimen where prying 
action and the ductility of the fasteners played such important 
parts 0 Obviously, other factors must also be influencing the failure 
of the eight fastener specimenso 
Failure of a material may be viewed in two ways 0 We may 
consider either a limiting stress or a limiting strain as the criteria 
for failureo For the purpose of analyzing these specimens~ the limit-
ing strain concept will be used. 
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During the loading of the eight fastener specimens~ the 
flanges separated at the web but not at the toe of the flangeo This 
condition requires that the inner fasteners deform more than the 
outer fastenerso An examination of the elongation data for either 
the bolts or rivets of the various specimens shows that for any given 
load the inner fasteners all deformed more t~ the outer fastenerso 
As the load was increasedJ the inner fasteners finally reached the 
point where they could not take anymore strain and they failedo 
Thus, the bending of the flange brings the inner fasteners to failure J 
while the outer fasteners are still far from failureo Had the 
flange been stiffer$ the bending of the flange would have been less J 
the distribution of the load to the fasteners more uniform~ and the 
inner fasteners would not have reached their maximum strain until the 
outer fasteners had reached a greater strain 0 In fact3if the flange 
was infinitely stiff and did not ben~, the load applied to the speci-
men would be carried equally by all eight fasteners~ 
The amount of flange separation was considerably less for 
the bolted specimens than it was for the riveted specimens because 
the rivets were more ductile than the bolts and could withstand a 
greater total elongationo The greater ductility of the rivet, however, 
did not seem to affect greatly the efficiency of the memberso 
The outer fasteners contribute to the ultimate load capa-
city; however~ their effectiveness is not very greato This can be 
demonstrated by a comparison of the loads carried by specimen AB and 
specimen BEo Specimen AB (two lines) was considerably more efficient 
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than specimen BB (four lines) in developing the total strength of all 
fasteners, but still specimen BB carried approximately 32 per cent 
more load than specimen ABo Similar comparisons can be made for the 
other A and B type specimenso Thus j the four fastener specimens are 
more efficient but the eight fastener specimens carry more load$ the 
magnitude of the ~~crease depending on the flange stiffnessv 
80 Specimens with Varied Prestress 
Specimens BBV and BBVP were included in the test program 
because it was thought that the lower prestress on the inner bolts 
might permit a greater transfer of load to the outer boltso The 
inner fasteners did pick up strain faster for specimens BBV and BBVP 
than they did in specimens BB and BBP~ but the outer fasteners essen-
tially behaved alike for all four specimens 0 In the early stages of 
loading, the flanges of the members with the lower prestress opened 
up more at the web than did the members with uniform prestress but, 
when the load reached l6oJ ooo Ib~ there was little difference in the 
bending of the flangeso The ultimate loads were slightly higher with 
the lower prestress, but the difference was slighto Thus» the change 
in prestress did not affect the ultimate loads because it did not 
affect the bending of the flanges near ultimateo In a supplementary 
study, specimen BBV was retested with bolts which were threaded over 
their entire lengtho The ultimate load of this latter specimen was 
173,6001b, a value slightly less than that obtained in the initial 
test; even a change in the deformation capacity of the bolts does not 
seem to affect any change in the effectiveness of the outer boltso 
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90 Specimens with Equal (14 in.) Flange Width 
The effect of flange stiffness may be studied with the 
results of the tests of the B, C, and E type specimens. The geometry 
of all these specimens was similar except that the flange and web 
thickness was variede 
The strain in the inner bolts of specimen CB increased 
immediately and the strain in the outer bolts decreased immediately, 
in a manner similar to that observed in the type B specimenso However, 
the bolt elongation in the four outside bolts did not seem to be 
uniformly distributedo During the tests, a feeler gage was inserted 
at several points between the flanges and indicated that~ at the 
start of the test, the west edge was opened slightly (maximum of 
0.022 in.) while the east edge was closed 0 But, as the loading 
progressed, the west edge closed 0 Thus, the loading was not symmetri-
cal in the early stages, but near ultimate, and appeared to be more 
nearly balancedo Actually, failure occurred simultaneously on both 
sides of the web by stripping the nuts of bolt 2N and 3No The ulti-
mate load, of course, may have been reduced because of this type of 
failure 0 
In connection with another study being conducted in the 
laboratory, specimen CB was retested using standard nuts instead of 
heavy nuts. The ultimate load obtained in this retest was 233~6oo Ib, 
an increase of about 2 per cent over the previous test, and resulted 
from a tensile failure of a bolto 
It was noted during the test of specimen CBP that at a 
specimen load of 200,000 Ib, the outer fasteners had strained less 
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and the flanges had separated less than in the test of specimen CBo 
However, specimen CBP failed in a bolt at a 7.2 per cent greater ulti-
mate load than was obtained for specimen CBo 
For a given loadJ the bolted type C specimens did not 
deform as much as the riveted specimens (see Figo 13)0 The edges of 
specimen CR stayed in contact throughout the test J while the edges 
of specimen CRP separated just before failureo Failure in both speci-
mens occurred in the shank of an inner riveto A comparison of Tables 6 
and 7 reveals that the efficiencies of the bolted and riveted specimens 
were of the same order of magnitude; the fill plate appears to have had 
a slight stiffening effect and raised the efficiencies in both the 
bolted and riveted specimenso 
The type E specimens were the stiffest in the study 0 The 
importance of this stiffness is evident from an examination of the 
fastener deformation "{see Figso 5 and 7)0 The outer fasteners of both 
specimen EB and specimen EBP did not lose any prestressp in fact J they 
showed an increase in strain almost as soon as the inner fastenerso 
In additions the bending of the flanges was small by comparison with 
the more flexible specimens 0 Specimen EB was loaded to 300~OOO lb in 
a 300J OOO-lb testing machine without failingo It was then transferred 
to a 600,OOO-lb testing machine and failure occurred at 297~OOO Ibo 
Specimen EBP was put directly into the 600J OOO-Ib machine and withstood 
302~700 Ib~ the highest ultimate load in the study 0 Both of these 
specimens failed by rupturing several fasteners at onceo However J the 
inner fasteners had strained more than the outer bolts~ and they 
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undoubtedly failed first; the impact created by their failure caused 
the outer fasteners to fail and gave the appearance of a simultaneous 
failure of the inner and outer boltso For these stiff specimens, the 
added plate had little effecto 
The fasteners of the riveted type E specimens required a 
considerable load before they began to elongate, and then the outer 
fasteners elongated almost as fast as the inner fastenerso The 
flanges of both specimens separated completely before failure and 
exhibited little bending. Specimen ERP had the highest ultimate load 
for a riveted specimen, but, because of the variations in rivet 
strength, had an efficiency of only 7506 per cent. Failure of both ER 
and ERP occurred in several fasteners in a manner similar to the fail-
ures of the bolted specimens EB and EBP~ Thus, the stiffness of the 
specimens, whether riveted or bolted, changed the characteristics of 
the fastener elongation and flange deformation markedlyo 
The photographs in Figo 21 show the permanent set in the 
type B, C, and E bolted specimens. The relative stiffness of the 
various members is obvious in these pictureso Figure 22 shows some 
typical riveted specimenso 
The elongation data show that at loads which caused failure 
in some of the more flexible specimens, the fasteners of the type E speci-
mens exhibited little additional elongation. A comparison of the effi-
ciencies, shown in Tables 6 and 7, demonstrates the fact that as the 
stiffness increased, the efficiency also increasedo It is apparent that 
the stiffness of the flange was a most important factor contributing 
to the ultimate load-carrying capacity of the specimenso This fact 
28 
is also shown graphically in Fig. 23 where the efficiency of the eight 
fastener specimens is plotted against the variation in flange stiff-
ness. The net moment of inertia for this comparison was determined 
bt' from the relationship, I = 12 ,where b is the net width of the 
flange and t is the thickness of the flange 0 A curve has been drawn 
through the average values for each of the three section sizes. 
Whether the specimen was bolted or riveted the values of efficiency 
were relatively consistent for a given size flange, indicating that 
the effect of the fastener ductility on the behavior of the members 
was not as great for the eight fastener specimens as it bad been for 
the four fastener specimens. 
10. Specimens with Unequal Flange Width 
The type D and F specimens were identical to the type C and 
E specimens in every respect except flange widtho The D and F speci-
mens were tested with their nas rolled" flange width of 1501 in .. and 
16.6 in., respectively, while the C and E specimens were cut down to 
a 14 in. flange width. 
During the test of specimen DB, the inner fasteners began 
to elongate immediately while the outer fasteners lost some of their 
prestress elongatione All of the bolts of this specimen had nuts 
from manufacturer 11811 ; two of these failed at a load of 219,600 lb. 
A new set of bolts was placed in the specimen, with S nuts on the 8 
bolts and N nuts on the N boltsa This second test failed in a bolt at 
an ultimate load of 237,000 Ib, an increase of 8 per cent over the 
initial testo 
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Specimen DBP was the first specimen tested~ and as such it 
had strain gages on all eight boltso This required that all the holes 
be drilled oversize, whereas all other bolted specimens bad only two 
oversize bolt holes. It would be expected that these oversize holes 
would increase the deformation of specimen DBP over that of specimen 
DB. However, the elongation and separation data indicate that speci-
men DBP did not bend as much at 200i OOO lb as did specimen DB, and 
the ultimate load of specimen DBP was 16.6 per cent higher than the 
ultimate load in the first test of specimen DB and 8.0 per cent 
higher than the load from the second test of specimen DB. 
The deformation characteristics of specimen DR were very 
similar to those of specimen CR but the efficiency of specimen DR, 
shown in Table 7, was considerably higher than that of specimen CRo 
In a detailed study of the data, it was noted'that the rivets used 
in specimen DR were the most ductile but had the second lowest 
ultimate strength before drivingo Therefore, it is quite possible 
that driving had a greater effect on the rivets of specimen DR than 
it bad on the rivets of the other specimenso If this was true, the 
15 per cent increase in ultimate due to driving; which was used to 
estimate the efficiencies, would be low for DR and the estimated 
efficiency of 7908 per cent might be high. 
Specimen DRP deformed in much the same manner as specimen 
CRP 0 The same type of rivet was used for both of these specimens, 
and specimen CRP carried only 106 per cent more load than specimen 
DBP 0 This fact seems to justify further the previous statement that 
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the difference in the rivet materials probably caused the difference 
in strengths of the CR and DR s~ecimens. 
Considering the fact that: (1) the retests of both CB and 
DB .had approximately the same ultimate load; (2) the oversize holes 
probably affected the deformation of DBP; and (3) driving may have 
had a greater effect on the rivets of DR than CR, there does not 
appear to be much difference in behavior in the tests of the type C 
and D specimens 0 Evidently, the small change in edge distance did 
not have much effect on these flexible specimens 0 
The type F specimens, which had a greater edge distance 
and were stiffer than the type D specimens J exhibited a noticeable 
effect of this increased edge distance on the behavior of the memberso 
The inner and outer fasteners of the type F specimens elongated 
faster than those of the type E specimens J and the flanges separated 
faster, too. However, the ultimate loads of the F specimens seemed 
to be reduced, possibly as a result of the nut failures or rivet head 
failures that were encounteredo 
Thus~ for the flexible C and D type specimens a small 
change in edge distance did not have much effect» but for the stiffer 
E and F specimens the change in edge distance did seem to have a 
significant effect on the bebavioro 
1 
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IV • SUMMARY OF RESULTS AND CONCLUSIONS 
The results of the tests reported herein may be summarized 
briefly as follows: 
1. Bolted specimens failed by either a tensile failure of 
the threaded portion of a bolt or by stripping the threads of the nut. 
2. Riveted specimens failed by either a tensile failure 
of the shank or by a withdrawal of the shank from the rivet head. 
Failure of a rivet head was always associated with a poorly centered 
head. 
30 The four fastener bolted specimens bad efficiencies of 
73.0 per cent and 7406 per cent. Similar riveted specimens had 
efficiencies of 10101 per cent and 7701 per cent; the latter may have 
been low because of unsymmetrical loading. 
40 Similar eight fastener specimens were only about 
49 per cent effiCient, but carried approximately 32 per cent more 
load than the four fastener specimenso However, the amount of addi-
tiona! load carried varied with the stiffness of the flanges. 
50 The use of a low prestress in the inner bolts, or of 
f~y threaded bolts, did not have a significant effect on the ulti-
mate load-carrying capacity of the memberso 
6 e Specimens which were similar in every respect except 
flange stiffness indicate that an increase of stiffness causes an 
increase in efficiency. 
7 • A small change in edge distance did not have much 
effect on a rather flexible specimen. A larger change in edge 
distance with a stiffer flange did seem to have a larger effect. 
8. The most efficient use of the fasteners of an eight 
fastener connection is obtained when the connected members are as 
stiff as possible and have a minimum edge distanceo 
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90 The ultimate load carried by the riveted specimens 
varied from 24 per cent lower to 5 per cent higher than the ultimate 
load carried by an identical bolted specimen. 
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TABLE 1 
SUMMARY OF RESULTS OF PREVIOUS STATIC TESTS 
'* BOLTS IN TENSION 
Specimen Beveled Washer Prestress Fastener Spacing 
Under Bolt Head** No. Per Bolt Parallel to Web 
kips ino 
S-l Yes 208 5 1/2 
S-2 Yes 25.6 5 1/2 
S-2P Yes 2506 5 1/2 
S-3 Yes 2506 4- 1/4 
S-4 No 2506 5 1/2 
S-4B No 2506 5 1/2 
S-5 Riveted 5 1/2 
* Taken from tests reported in SRB Noo 80 by Leahey and Munse 
** Beveled washer under nut on all boltso 
34 
Ultimate 
Load 
Ib 
157,300 
154,200 
176,900 
152,700 
163,800 
169,300 
120,100 
( 4)0 
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TABLE 2 
SUMMARY OF SPECIMENS USED FOR PRESENT TESTS 
Specimen Size of Flange Flange Total Number 
Section Width Thickness of Tests 
in. ino 
A 24WF130 9·00 0·900 4 
B 24WF13 0 14.00 0.900 6 
c 30WF210 14.00 1·315 4 
D 30WF210 150105 10315 4 
E 36WF300 14000 10680 4 
F 36WF300 160655 1.680 4 
Total Tests 26 
TABLE 3 
MECHANICAL PROPERTIES OF HIGH-STRENGTH 
BOLT MATERIAL 
Full Size Bolt Tests 
Bolt 
Length 
MANUFACTURER tt~t 
Permanent Ultimate Load 
Set* Wedged** Not Wedged 
MANUF ACTURER It Sn 
Permanent Ultimate Load 
Set* Wedged** Not Wedged 
in. in. Ib Ib 
3 *** 44,300 
4 .00010 44, 700 
4075 .00020 47,800 
5 .00035 44,300 
6 .00030 48,100 
7 .00045 44,500 
Average .00028 45,610 
45,800 
45,500 
47,100 
43,800 
46,000 
44;800 
45,600 
1b Ib 
000035 43,7t5** 46,700 
900005 42,100 42,400 
**** 000035 51,100 48,300 
**** 000010 47,000 43,800 
**** .00015 45~500 44,600 
.00015 48,500 49,600 
.00019 46,150 45,900 
* After loading to 28,400 Ib (average for two bolts). 
** 
o After a 10 wedge was placed under the head of the bolto 
Data taken incorrectly. 
**** Failed by stripping the threads of the nuto 
Bolt 
Length 
in. 
, 
4 
4.75 
5 
6 
7 
Average 
:; 
4 
4 .. 75 
5 
6 
7 
Average 
* 
TABLE 4 
ME:CHANICAL PROPERTIES OF HIGH-STRENGTH 
BOLT MATERIAL 
Standard O.505-ino Coupons 
Elongation Reduction E Yield 
in 2 ... in. in Area Strength* 
per cent per cent ksi ksi 
MANUFACTURER J1 N" 
17 .. 4 58.0 28,600 9405 
1602 5107 28,600 118., 
20 .. 2 6006 28,800 9802 
21 .. 2 6107 29,000 9308 
16.2 5602 29,000 10,02 
18 .. 2 5300 28,800 9601 
1802 5609 28,800 10007 
MANUFACTURER "S'1 
17.4 6504 ,0,800 10902 
20 .. 2 60.,5 29,700 10806 
17.2 5705 29,600 12908 
1807 5702 29,300 11906 
1702 5201 29,500 12305 
19.2 53 .. 8 29,200 100.,2 
18 .. 3 5107 29,700 11502 
Yield strength determined from 002 per cent offset .. 
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Ultimate 
Strength 
ksi 
12200 
138 .. 2 
12103 
12000 
12508 
13200 
12606 
12802 
12600 
1460, 
13700 
141 .. 2 
137.,6 
13600 
TABLE 5 
MECHANICAL PROPERTIES OF RIVET MATERIAL 
Standard Oo505-inm Coupons 
Equivalent Elongation Reduction E Yield Ultimate 
Length* in 2 ... in. in Area Strength+ Strength 
in. per cent per cent ksi ksi ksi 
3C 19.7 5800 29,900 6800 73.0 
3H 3609 6502 
** ** 
5806 
4c 17.2 5801 30,000 7208 82.2 
4H 4700 70.,0 28,200 36.2 55.,6 
4.75C 17.2 6404 28,200 6005 6904 
4075H 41.4 68.8 30,500 34.,6 5406 
5C 2207 60.,8 30,800 5407 7200 
5H 38.4 6804 28,800 4005 5608 
6c 17.1 6604 27,800 5706 6604 
7c 18.2 5804 30,600 5907 7606 
* Length shown is that of the bolt used for the same type of 
specimen. "Ct! indicates cold formed, "H" indicates hot formed. 
All rivets were driven hoto 
** Specimen was too short ~or the extensometer. 
+ Yield strength determined from 002 per cent offseto 
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TABLE 6 
TE8T RESULTS OF BOLTED 8PEClMENS 
Specimen Bolt Ultimate Efficiency* Ult. Plate Type and 
Length Load Ulto Plain + Location of 
Failure 
in. lb per cent per cent 
AB 3 134,000 7300 Nut 28 
ABP 5 136,800 74.6 10201 Nut 38 
BB 3 175,600 4708 Nut 38 
BBP 5 181,600 4905 10304 Bol.t 3N 
BBV 3 183,400 5000 Bolt 2N 
and 3N 
BBVP 5 184,300 50.2 10005 Bolt 2N, 3N, 
and 28 
CB 4 229,200 62.4 Nut 2N 
and 3N 
CBP 6 245,700 6609 10702 Bolt 2N 
DB 4 219,600 5908 Nut 2N 
and 3N 
DBP 6 256,000 6908 116.6 Bolt 3N 
EB 4.75 300,000 8107 
** 
EBP 7 302,700 82 .. 5 100·9 Nut 2N 
and 28, 
Bolt lN~ 2N, 
and 18 
FE 4015 274,100 1407 Nut 28 
and 38 
FBP 1 286,100 78.1 104 .. 6 Nut 28 
and 38 
* Based on a possible load of 183,500 lb for the four fastener 
specimens and 367,000 Ib for the eight fastener specimens at 
100 per cent. 
**' All fasteners failed simultaneously in the bolt except 28 
and 38 which failed in the nuto 
+ Ratio of strength of specimen with a fill plate to the 
strength of similar specimen without fill plate. 
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TABLE 7 
TEST RESULTS OF RIVETED 8PECn1EN8 
Specimen Type of Ultimate EfficiencY**' Ulto Rivet Type and 
Rivet* Load UJ.t 0 Bolt Location of 
Failure 
lb per cent per cent 
AR 3H 141,300 10101 10504 Shank 3S 
ARP 5H 104,400 7101 7603 Shank 38 
BR 3C 164,400 47 .. 2 93.6 Head 2N 
BRP 5C'. " 161,300 47.0 8808 . Shank 2S 
CR 4c 210,000 5306 9106 Shank 3N 
CRP 6c 202,400 6309 82.4 8hank 2S 
DR 4H 211,500 7908 9603 Shank 2S 
DRP 6c 199,300 6209 7708 Shank 2S 
ER 4075C 254,600 7609 8409 Sbank 18, 
28, IN, 2N, 
and 3N 
ERP 7C 276,400 7506 9103 Shank 18, 
28, IN, 2N 
FR 4075H 212,000 8104 7703 Head 38 
and 4N 
FRP 7C 270,000 73 .. 9 9402 Head 2N 
* See Table 5 .. 
** Based on 115 per cent of the ultimate strength found from the 
undri ven rivet stock (Table 5) 0 
I' 1211 , I 
-$--$--.- r() 
, . r() 
++-+ r() 
-t-i7--t-- = 
-IN 
r() 
-o 
A B 
~- --$-
-$-- -+ 
-$---++ 
SPECIMEN 
ALL SPECIMENS 
EXCEPT S-3 
S .... 3 
DRILLED HOLES 
FOR ~II BOLTS 4 
DIMENSION 
A B 
5..L. .. 
2 
,.L Ii 
2 
4.111 III 2-4 8 
FI G. I DETAILS OF PREVIOUS TEST SPECIMENS 
I-~ 
""rr> 
+++ ;.r, 
4- -$- 4-
;.r, 
+ + 4-
I 
I I I I 
I I I I 
I I "I 
,-I-
III III -N 
I I III 
'-'--
: I I I I I 
I 
v 
1----------.- -;--
~v 
I S -4- ~I N -:=-r-
----------- 4N 
N 
-I--
~------------------~~N _ 
-t-- - --- - ---t- It) ~ 
ABC 0 E 
I +--+--+--+-1-1 
3S+ 3 \~ 3,,, -=-~ 
5 -=-iN 
1--- - - -I-- -~,-- -- -- C\J 4S+ 7 ( ....... , .. " I~'-
9 ~v 
i-------r------ - i~L-. 
3~' S~I I 3~' 4 2... 4 
12" 
FILL PLATE FOR 
lip" SPECIMENS 
1 I II I Il ~ I 
I I I III I I1II 
I i I I I 
1 I II I I : I 
r--
--
--f--
--
--
-- -
--
--
---
--
..) 
DRILLED HOLE S 
'FOR ].." BOLTS 4 
i I 'I I I I l" I 
ill I ill : I I II I I 
I I I: : I I I I 
1< 
9" FLANGE ~I 
--
14" FLANGE 
SPECIMEN 
TYPE 
A 
B 
C 
o 
E 
F 
SECTION 
SIZE 
24WFI30 
24WFI30 
30WF210 
30WF210 
36WF300 
36WF300 
FLANGE 
"w" 
9 
14 
14 
1St 
14 
FIG. 2 DETAILS OF PRESENT TEST SPECIMENS 
(a) GENERAL VIEW OF TEST EQUIPMENT 
(b) FASTENER ELONGATION AND FLANGE SEPARATION INSTRUMENTS 
FIG. 3 TEST EQUIPMENT 
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FIG.4 CURVES OF LOAD-AVERAGE ELONGATION OF INSIDE BOLTS 
FIG. 5 CURVES OF LOAD .... AVERAGE ELONGATION OF OUTSIDE BOLTS 
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FIG. 6 CURVES OF LOAD-AVERAGE STRAIN ON BOLT 2S 
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FIG. 9 CURVES OF LOAD - AVERAGE ELONGATION OF INSIDE RIVETS 
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FIG. II DIAGRAMS C)F FLANGE SEPARATION AT ROW E OF TYPE A SPECIMENS 
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FIG. 12 DIAGRAMS OF FLANGE SEPARATION AT ROW E OF TYPE B SPECIMENS 
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FIG. 13 DIAGRAMS OF FLANGE SEPARATION AT ROW E OF TYPE C SPECIMENS 
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FIG. 14 DIAGRAMS OF FLANGE SEPARATION AT ROW E OF TYPE 0 SPECIMENS 
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FIG. 15 DIAGRAMS OF FLANGE SEPARATION AT ROW E OF TYPE E SPECIMENS 
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FIG. 16 DIAGRAMS OF FLANGE SEPARATION AT ROW E OF TYPE F SPECIMENS 
(0) SPECIMEN AB AFTER FAILURE (b) SPECIMEN B8 AFTER FAILURE 
(c) SPECIMEN CBP AFTER FAILURE (d)SPECIMEN E8 AT MAXIMUM LOAD 
FIG. 17 DEFORMATION OF TYPICAL BOLTED SPECIMENS 
(o) SPECIMEN ARP BEFORE FAILURE (b) SPECIMEN SR AFTER FAILURE 
(c) SPECIMEN E R AFTER FAILURE (d) SPECIMEN FR AFTER FAILURE 
FIG. 18 DEFORMATION OF TYPICAL RIVETED SPECIMENS 
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FIG. 19 TYPICAL BOLT FAILURES 
(0) FASTENERS FROM SHANK FAILURE SPECIMEN 
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FIG. 20 TYPICAL RIVET FAILURES 
(a) SPECIMENS WITHOUT A PLATE 
( b) SPECIMENS WIT H A PL ATE 
FIG. 21 PERMANENT DEFORMATION OF BOLTED SPECIMENS 
(Q) SPEC IMENS WITH THIN FLANGES 
(b) SPECIMENS WITH MEDIUM FLANGES 
FIG. 22 PERMANENT DEFORMATION OF RIVETED SPECIMENS 
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